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(57)Abstract: 

PURPOSE: To increase the switching speed of ON to OFF and OFF to ON 
operation of an output transistor(TR) and to reduce current consumption at the 
time of turning off an output. 



(51)lnt.CI. 



CONSTITUTION: One end of a resistor 32 is connected to a reference line 40. 
The base of an input side TR 34 is connected to an input terminal 38, the 
collector and emitter of the TR 34 are respectively connected to the other end of 
the register 32 and a ground line 39 and one end of a resistor 33 is connected to 
the line 40. The base of a TR 35 is connected to the base of the TR 34 and its 
emitter is connected to the ground line 39. The base of a TR 36 is connected to a 
node between the other end of the resistor 32 and the collector of the TR 34 and 
the collector and emitter of the TR 36 are connected to the other end of the 
resistor 33 and the collector of the TR 35. The base of an output TR 37 is 
connected to a node between the collector of the TR 35 and the emitter of the TR 
36 and its emitter and collector are respectively connected to the ground line 39 
and an output terminal 41. 



LEGAL STATUS 

[Date of request for examination] 05.04.2000 

[Date of sending the examiner's 

decision of rejection] 

[Kind of final disposal of application 

other than the examiner's decision of 

rejection or application converted 

registration] 

[Date of final disposal for application] 

[Patent number] 3350669 

[Date of registration] 20.09.2002 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against 

examiner's decision of rejection] 



[Date of extinction of right] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st resistance to which the end was connected to the high potential 
line, and the 1st npn transistor to which it connected with based on the input 
terminal, and between collector emitters was connected between the other end of 
said 1st resistance, and a low voltage line, The 2nd resistance to which the end 
was connected to the high potential line, and the 2nd npn transistor by which the 
base was connected to the base of said 1st transistor, and the emitter was 
connected to the low voltage line. The base is connected at the node of the other 
end of said 1st resistance, and the collector of said 1st transistor. The 3rd npn 
transistor by which between collector emitters was connected between the other 
end of said 2nd resistance, and the collector of said 2nd transistor, the npn 
output transistor by which the base was connected at the node of the collector of 
the 2nd transistor, and the emitter of the 3rd transistor, the emitter was 
connected to the low voltage line, and the collector was connected to the output 
terminal -- since - the constituted semi-conductor output circuit. 
[Claim 2] The semi-conductor output circuit according to claim 1 characterized by 
driving said 3rd transistor in a saturation region at the time of ON of an output 
transistor while making said 1st transistor turn off, and driving said the 1st 



transistor and 3rd transistor in a non-saturation region at the time of OFF of an 

output transistor. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semi-conductor output circuit 
which constitutes the output stage of a bipolar mold integrated circuit. 
[0002] 

[A background technique and its trouble] The semi-conductor output circuit of this 

invention turns on and turns off the load circuit of the exterior connected to the 
output circuit by the signal from main circuits, such as a digital disposal circuit, in 
the bipolar mold integrated circuit which integrated the output circuit with main 
circuits, such as a digital disposal circuit. 

[0003] (The 1st conventional example) What is shown in drawing 1 is the 
concrete representative circuit schematic showing the 1st conventional example 
of the output circuit used for the bipolar mold integrated circuit. The resistance 12 
(resistance is expressed with R1) for current adjustment to which the end was 



connected to the datum line 1 1 of the ** reference potential Vs (> 0) if it was in 
this output circuit 1 , ** The base is connected at the node of the collector of the 
npn input-side transistor 15, and the ** resistance 12 and the input-side transistor 
15 by which connected based on the input terminal 13 and the collector and the 
emitter were connected to the grand line 14 of the other end of resistance 12, 
and ground potential Vg (= 0 volt), respectively, the npn output transistor 17 by 
which the emitter was connected to the grand line 14 and the collector was 
connected to the output terminal 16 ~ since ~ it is constituted. 
[0004] If a deer is carried out and a low signal (for example, signal of an electrical 
potential difference Vg) is inputted into an input terminal 13 from a main circuit 
(not shown), since the input-side transistor 15 will be maintained at an OFF state 
and between the collector emitter will open, the electrical potential difference of a 
reference potential Vs is impressed to the base of the output transistor 17 
through resistance 12, and the output transistor 17 is turned on. At this time, it is 
IB= (Vs-[VBE] sat) / R1 in the base of resistance 12 and the output transistor 17. 
~ The base current of (1) flows ([VBE] electrical potential difference [ in / in sat / 
the saturation state of the output transistor 17 ] between base emitters). 
Therefore, the load circuit (not shown) connected between the collector emitters 
of the output transistor 17 is turned on, and a current flows to a load circuit. 
[0005] If the amplification factor of Ir and the output transistor 17 is set to hPE (» 
1) for the magnitude of a required current here in a load circuit, it is necessary to 
pass bigger base current IB than Ir/hFE to the output transistor 17 at the time of 
ON, and since base current IB will become small if resistance R1 becomes large, 
there is an upper limit in resistance R1. That is, IB> (Ir/hFE) and the above- 
mentioned (1) formula to the resistance R1 is {(Vs-[VBE] sat) hFE/lr} >R1. ~ It is 
necessary to fulfill the conditions of (2). 

[0006] Moreover, if a high signal (for example, signal of reference potential Vs 
extent) is inputted into an input terminal 13 from a main circuit, a current will flow 
between base emitters and the input-side transistor 15 will be turned on. If the 
input-side transistor 15 is turned on, since the base electrical potential difference 



of the output transistor 17 will fall to electrical-potential-difference (saturation 
voltage) Vsat=[VCE] sat between the collector emitters in the saturation region of 
the input-side transistor 15, the output transistor 17 becomes off and a load 
circuit becomes off. 

[0007] However, also when the output transistor 1 7 is off, it passes along 
between the collector emitters of the input-side transistor 15 by the output circuit 

1 of such a configuration, and it is a current (Vs-Vsat) / R1 to resistance 12. ~ (3) 
flows. And consumed-electric-current IOFF= (Vs-Vsat) in the resistance 12 at the 
time of OFF of a load circuit (output transistor 17) / R1 since there is an upper 
limit in resistance R1 by relation with a load circuit current as mentioned above 
and the value of resistance 12 cannot be enlarged at arbitration ~ There was a 
problem that (4) could not be made small. In using for a device which is 
especially driven with the dc-battery for charge, if the consumed electric current 
at the time of OFF (power consumption) is large, the time of a portable 
equipment will become short and will serve as a fatal fault. 

[0008] (The 2nd conventional example) What is shown in drawing 2 is the 
concrete representative circuit schematic showing the 2nd conventional example 
of the output circuit used for the bipolar mold integrated circuit. This output circuit 

2 is replaced with the resistance 12 in the output circuit 1 of drawing 1 , and a 
constant current source 18 is used for it. Since resistance 12 only replaced the 
constant current source 18 and operates like the output circuit 1 of drawing 1 , 
this output circuit 2 omits explanation of operation. 

[0009] However, at the time of OFF, a current 10 flows [ the output transistor 17 ] 
between the collector emitters of the input-side transistor 15 according to a 
constant current source 18 even in this output circuit 2. Since the current 10 
supplied by this constant current source 18 also needed the bigger value than 
Ir/hFE, there was a problem that the consumed electric current at the time of 
OFF of a load circuit (output transistor 17) was large, as well as the output circuit 
1 of drawing 1 . 

[0010] (The 3rd conventional example) The conventional example of the output 



circuit wliicli solved tine fault that the consumed electric current at the time of 
such output OFF was large is shown in drawing 3 . The resistance 19 (resistance 
is expressed with R2) to which the end was connected to the datum line 1 1 of the 
** reference potential Vs if it was in this output circuit 3, ** The resistance 20 
(resistance is expressed with R3) for current adjustment to which the end was 
similarly connected to the datum line 11,** The resistance 21 (resistance is 
expressed with R4) to which the end was connected to the grand line 14, ** The 
base is connected at a node with the collector of the npn input-side transistor 15, 
and the ** resistance 19 and the input-side transistor 15 by which connected 
based on the input terminal 13 and the collector and the emitter were connected 
to the other end and the grand line 14 of resistance 19, respectively. The base is 
connected at the npn transistor 22 of the middle where the emitter was 
connected with the collector between the resistance 20 by the side of the datum 
line 11, and the resistance 21 by the side of the grand line 14, and the node of 
the ** resistance 21 and the emitter of a transistor 22. the npn output transistor 
17 by which the emitter was connected to the grand line 14 and the collector was 
connected to the output terminal 16 - since - it is constituted. 
[001 1] If a deer is carried out and a low signal is inputted into an input terminal 13 
from a main circuit, since the input-side transistor 15 will be maintained at an 
OFF state, the electrical potential difference of a reference potential Vs is 
impressed to the base of the transistor 22 of the middle, a transistor 22 is turned 
on, and a current flows between the base emitters of resistance 21 and the 
output transistor 1 7 between resistance 20 and the collector emitter of a 
transistor 22. Therefore, the output transistor 17 is turned on and the load circuit 
connected between the collector emitters of the output transistor 17 is turned on. 
[0012] Moreover, if a high signal is inputted into an input terminal 13, the input- 
side transistor 15 will be turned on. If the input-side transistor 15 is turned on, 
since the electrical potential difference between collector emitters of the input- 
side transistor 15 (base electrical potential difference of the = transistor 22) will 
fall to saturation voltage Vsat, a transistor 22 becomes off and becomes still 



more nearly off [ the output transistor 17 ]. 

[0013] Current 12= (Vs-2[VBE] sat) / R2 which flows to resistance 19 in the output 
circuit 3 of such a configuration at the time of ON of the output transistor 17 - 
The contribution to the load circuit current Ir of (5) is current 13= (Vs-Vsat-[VBE] 
sat) which is set to 12 and hFE2 and flows to resistance 20 / R3. The contribution 
to the load circuit current Ir of ~(6) serves as 13 and hFE. Therefore, even if it 
makes it small to extent which can disregard contribution of a current 12 which 
enlarges the resistance R2 of resistance 19 and flows to resistance 19, by 
making the value R3 of resistance 20 small enough, a current 13 can be enlarged 
and the load circuit current Ir of required magnitude can be acquired. Total 
consumed-electric-current IOFF= (Vs-Vsat) in the resistance 19 at the time of 
OFF of the output transistor 17 by on the other hand, enlarging the value R2 of 
resistance 19, since a current does not flow for resistance 20 at the time of OFF 
of the output transistor 17 but a current flows only to resistance 19 through the 
input-side transistor 15, and resistance 20 / R2 - (7) can be made small. 
[0014] However, if it is in such an output circuit 3, there is a problem that a 
switching working speed becomes slow. That is, since the transistor 22 of the 
middle is driven in the saturation region at the time of ON actuation, a carrier 
(especially electron) is accumulated in a base region (called the carrier storage 
effect). For this reason, the output transistor 22 did not become off until the 
carrier accumulated in the transistor 22 finished discharging nearly completely, 
even if the input-side transistor 15 switched from OFF to ON, but actuation of the 
output transistor 17 was delayed for the input-side transistor 15, and there was a 
problem that the switching working speed to the OFF from ON of the output 
transistor 17 became slow. 

[0015] (The 4th conventional example) Another conventional example which 
reduced the consumed electric current at the time of output OFF is shown in 
drawing 4 again. This output circuit 4 uses current Miller circuit 23 which consists 
of two pnp transistors 24 and 25. ** Connect the base comrade of two pnp 
transistors 24 and 25, and connect each emitter to the datum line 1 1 of a 



reference potential Vs. It connects based on current Miller circuit 23 and the ** 
input terminal 13 which linked one base and collector of a transistor 24 directly. 
Between the collector of the npn input-side transistor 15 and one transistor 24 of 
** current Miller circuit 23 by which the emitter was connected to the grand line 
14, and the collector of the input-side transistor 15 The base is connected at the 
node of the connected resistance 26, the resistance 27 connected with the 
collector of the transistor 25 of another side which constitutes ** current Miller 
circuit 23 between the grand lines 14, and the collector of the ** transistor 25 and 
resistance 27. the npn output transistor 17 by which the emitter was connected to 
the grand line 14 and the collector was connected to the output terminal 16 ~ 
since ~ it is constituted. 

[0016] If it is in this output circuit 4, and a high signal is inputted into an input 
terminal 13 and the input-side transistor 15 is turned ON, since both the 
transistors 24 and 25 of current Miller circuit 23 are turned on, a current will flow 
to both resistance 26 and 27 and the base electrical potential difference of the 
output transistor 17 will serve as (Vs-Vsat), the output transistor 17 is turned on. 
[0017] If a low signal is inputted into an input terminal 13 and the input-side 
transistor 15 is turned OFF, since both the transistors 24 and 25 of current Miller 
circuit 23 will also become off on the other hand, the output transistor 17 also 
becomes off. Since a current does not flow for both resistance 26 and 27 at this 
time, the consumed electric current lOFF at the time of output OFF can be made 
very small. 

[0018] However, even if the pnp transistor (transistors 24 and 25 in current Miller 
circuit 23) produced in a bipolar mold integrated circuit had the slow working 
speed as compared with that structure (lateral structure) upper npn transistor and 
was in the output circuit 4 for this reason, it had the problem that ON of the 
output transistor 17 and an off working speed were slow. 
[0019] 

[Problem(s) to be Solved by the Invention] If it was in the conventional semi- 
conductor output circuit as explained above, it had the problem that the 



consumed electric current at the time of output OFF is large, the problem that a 
working speed is slow, and one of problems. 

[0020] The switch rate of ON -> OFF of an output transistor and OFF -> ON 
actuation is a high speed, and, moreover, the place which this invention is made 
in view of the fault of the above-stated conventional example, and is made into 
the purpose has the consumed electric current at the time of output OFF (power 
consumption) in offering the semi-conductor output circuit in a small bipolar mold 
integrated circuit. 
[0021] 

[IVIeans for Solving the Problem] The 1st resistance to which, as for the semi- 
conductor output circuit of this invention, the end was connected to the high 
potential line. The 1st npn transistor to which it connected with based on the 
input terminal, and between collector emitters was connected between the other 
end of said 1st resistance, and a low voltage line, The 2nd resistance to which 
the end was connected to the high potential line, and the 2nd npn transistor by 
which the base was connected to the base of said 1st transistor, and the emitter 
was connected to the low voltage line. The base is connected at the node of the 
other end of said 1 st resistance, and the collector of said 1 st transistor. The 3rd 
npn transistor by which between collector emitters was connected between the 
other end of said 2nd resistance, and the collector of said 2nd transistor, the npn 
output transistor by which the base was connected at the node of the collector of 
the 2nd transistor, and the emitter of the 3rd transistor, the emitter was 
connected to the low voltage line, and the collector was connected to the output 
terminal ~ since ~ it is constituted. 

[0022] Moreover, in this semi-conductor output circuit, it is desirable to drive said 
3rd transistor in a saturation region at the time of ON of an output transistor, 
while making said 1st transistor turn off, and to drive said the 1st transistor and 
3rd transistor in a non-saturation region at the time of OFF of an output transistor. 
[0023] 

[Function] A load circuit will be closed, if it is in the semi-conductor output circuit 



of this invention, and tine 3rd transistor and output transistor are turned on and 
tine load circuit is connected to tlie output transistor, since tine 1st transistor and 
2nd transistor become off wlien a low signal is inputted into an input terminal. 
[0024] Moreover, when a high signal is inputted into an input terminal, the 1st 
transistor and 2nd transistor are turned on. It can set up so that the 1st transistor 
may serve as ON by the non-saturation state at this time and the 2nd transistor 
may serve as ON by the saturation state, and it can set up so that the 3rd 
transistor may also be maintained at an ON state by the non-saturation state by 
that cause. Since the base electrical potential difference of an output transistor 
turns into saturation voltage of the 2nd transistor at this time, it becomes off. 
Therefore, a load circuit will be opened if the load circuit is connected to the 
output transistor. 

[0025] Here, the current which flows to a load circuit at the time of ON of an 
output transistor is decided by the contribution from the current (xhFE2) which 
flows to the 1st resistance, and contribution from a current (xhFE) which flows to 
the 2nd resistance. Therefore, even if it makes small contribution from a current 
which enlarges the value of the 1st resistance and flows to the 1st resistance, the 
current of level required for a load circuit can be passed by enlarging contribution 
from a current which makes the value of the 2nd resistance small and flows to 
the 2nd resistance enough. In this way, although both currents will flow to the 1st 
resistance and resistance of the 2nd at the time of OFF of an output transistor if 
what has small resistance is used for extent required as the 2nd resistance, 
using what has fully big resistance as the 1st resistance, the consumed electric 
current as the whole can be made small. That is, since the value of the 1st 
resistance can be enlarged, the consumed electric current by the 1st resistance 
becomes very small. Moreover, if the 1st and 3rd transistors are driven by the 
non-saturation state, the current which flows to the 2nd resistance will become 
smaller than the current which flows to the 1st resistance. Consequently, the 
consumed electric current at the time of output OFF can be made small as 
compared with the 1st conventional example or the 2nd conventional example. 



[0026] Moreover, according to this invention, since the 2nd transistor is 
connected to the base of an output transistor, by mal<ing the 2nd transistor turn 
on at the time of output OFF, an output transistor can be made to be able to turn 
off promptly and the ON -> OFF switch rate of an output transistor can be made 
quick. That is, it can prevent that the ON -> OFF switch rate of an output 
transistor becomes slow according to the carrier storage effect of the 3rd 
transistor. 

[0027] Furthermore, while the OFF rate of the 1st transistor will become quick in 
case an output switches from OFF to ON if the 1st transistor turns on by the non- 
saturation state at the time of OFF of an output transistor and the 3rd transistor is 
maintained at an ON state by the saturation state and the non-saturation state, 
respectively at the time of output ON and OFF, OFF actuation of the 1st 
transistor and the 2nd transistor is performed by coincidence in parallel. 
Consequently, an output transistor can be made to be able to turn on promptly 
and the OFF -> ON switch rate of an output transistor can also be made quick. 
[0028] Moreover, since the semi-conductor output circuit of this invention 
consists of only npn transistors, even when manufacturing in a bipolar mold 
integrated circuit, a working speed cannot fall and it can accelerate a switching 
rate. 
[0029] 

[Example] One example of this invention is shown in drawing 5 . The semi- 
conductor output circuit 31 concerning this invention is an output circuit of the 
bipolar mold integrated circuit which uses a semi-conductor manufacture process 
and is manufactured in semi-conductor substrates, such as a silicon wafer, and 
drawing 5 shows the concrete equal circuit of the semi-conductor output circuit 
31 concerned. 

[0030] (Configuration) This semi-conductor output circuit 31 consists of two 
resistance 32 and 33 (resistance is set to R6 and R7, respectively), and npn 
transistors 34, 35, 36, and 37 of four bipolar molds. The base is connected to an 
input terminal 38, an emitter is connected to the grand line 39 of low voltage 



(ground potential Vg), and, as for the input-side transistor 34, tine collector is 
connected to resistance 32. As for the resistance 32 to which the end was 
connected to the collector of the input-side transistor 34, the other end is 
connected to the datum line 40 of high potential (reference potential Vs). The 
base of a transistor 35 is connected to the base (or input terminal 38) of the 
input-side transistor 34, and the base of a transistor 36 is connected at the node 
of the collector of the input-side transistor 34, and resistance 32. As for both the 
transistors 35 and 36, the collector of a transistor 35 and the emitter of a 
transistor 36 are connected, the emitter of a transistor 35 is connected to the 
grand line 39, and the collector of a transistor 36 is connected to resistance 33. 
Moreover, the other end of the resistance 33 connected to the collector of a 
transistor 36 is connected to the datum line 40. The base is connected at the 
node of the collector of a transistor 35, and the emitter of a transistor 36, an 
emitter is connected to the grand line 39, and, as for the output transistor 37, the 
collector (open collector) is connected to the output terminal 41. In addition, the 
input terminal 38 is connected with main circuits, such as a digital disposal circuit, 
within the integrated circuit, and an external load circuit is connected to an output 
terminal 41. 

[0031] Yes of the signal inputted into an input terminal 38, here, the transistor 35 

is designed so that ON (saturation region) and off switching operation may be 
carried out by the low. Yes of the signal inputted into an input terminal 38, on the 
other hand, the input-side transistor 34 is designed so that ON (non-saturation 
region) and off actuation may be carried out by the low. Yes of the signal inputted 
into an input terminal 38, moreover, the transistor 36 is designed by the low so 
that ON actuation may be carried out in a non-saturation region and a saturation 
region, respectively. Yes of the signal inputted into an input terminal 38, the 
output transistor 37 is designed so that switching operation of OFF and ON 
(saturation region) may be carried out by the low. 

[0032] It is as follows when the condition at the time of output OFF is explained in 
detail. Drawing 6 is a curve which shows the relation of electrical-potential- 



difference VCE-collector current IC between collector emitters when base current 
IB is fixed. Since the base is connected to the input terminal 38 by each, the 
input-side transistor 34 and a transistor 35 have an equal base electrical potential 
difference, therefore it operates on the VCE-IC curve of the same base current 
(IB=const.) as shown in drawing 6 . A transistor 35 carries out ON actuation in a 
saturation region (for example, Q2 point) at the time of an input high (output 
OFF). Electrical potential difference between collector emitters VCE=Vsat 
Collector current IC=IC2 -- It is designed so that it may be set to (8). The input- 
side transistor 34 carries out ON actuation in a non-saturation region (for 
example, 01 point) at the time of an input high (output OFF). Electrical potential 
difference between collector emitters VCE=Vsat+[VBE] nonsat Collector current 
IC=IC1 - It is designed so that it may be set to (9). Here, Vsat=[VCE] sat(s) are 
the saturation voltage at the time of ON of a transistor 35, and an electrical 
potential difference [ in / in [VBE] nonsat / the non-saturation region of a 
transistor 36 ] between base emitters. Moreover, about collector current, it is 
IC1>IC2. ~ It is (10). Consequently, at the time of an input high (output OFF), the 
electrical potential difference of [VCE] nonsat is built between the base emitters 
of a transistor 36, and a transistor 36 is maintained at an ON state in being un- 
saturated, without becoming off also at the time of output OFF. 
[0033] (Actuation at the time of output ON) If It is in this output circuit 31 and a 
low signal is inputted into an input terminal 38, both the input-side transistor 34 
and the transistor 35 will become off, and a reference potential Vs will join the 
base of a transistor 36 through resistance 32. Consequently, base current flows 
from between the base emitters of a transistor 36 to between the base emitters of 
the output transistor 37, and a transistor 36 and the output transistor 37 are 
turned on. Furthermore, if a transistor 36 is turned on, big base current flows to 
the output transistor 37 through resistance 33, the load circuit connected to the 
output terminal 41 will close, and the big load circuit current Ir will flow. 
[0034] At this time, since the transistor 36 is carrying out ON actuation in the 
saturation region, the current 17 which flows to resistance 33 is set to 17= (Vs- 



Vsat-[VBE] sat) / R7. It is the electrical potential difference between base 
emitters of the output transistor 37 in which Vsat carries out and the saturation 
voltage of a transistor 36 and [VBE] sat are carrying out ON actuation here in the 
saturation region. Since a current required for a load circuit is set to Ir and the 
current more than Ir/hFE is needed considering the amplification factor of the 
output transistor 37 as base current IB of hFE, then the output transistor 37, as 
resistance 33, it is from I7> (Ir/hFE). {(Vs-Vsat-[VBE] sat) hFE/lr} > R7 What is 
necessary is just to use the thing of the small resistance R7 so that it may 
become -(11). On the other hand, the resistance R6 of resistance 32 should just 
be set up so that a transistor 36 can pass base current IB to the output transistor 
37 at the time of output ON. Since the current 16 which flows to resistance 32 
should just be I6> (lr/hFE2) supposing each amplification factor of a transistor 36 
and the output transistor 37 is hFE, this condition serves as l6={(Vs-2[VBE] sat) 
/R6} >lr/hFE2, and resistance R6 is conditions. {(Vs-2[VBE] sat) hFE2/lr} > R6 -- 
What is necessary is just to fill (12). [VBE] sat is an electrical potential difference 
between base emitters at the time of saturation actuation of a transistor 36 and 
the output transistor 37 here. Therefore, if (1 1) and (12) types are compared, as 
compared with the value R1 of the resistance 12 of the conventional output 
circuit 1 of the value R7 of resistance 33, or drawing 1 , one about hFE time (for 
example, hFE**100) the value of this can be used for the value R6 of resistance 
32. 

[0035] (Actuation at the time of output OFF) If a high signal is impressed to an 
input terminal 38, the input-side transistor 34 and a transistor 35 will be turned on 
again. Here, since the input-side transistor 34 carries out ON actuation in a non- 
saturation region (01 point of drawing 6 ) as (9) types showed, and a transistor 
35 carries out ON actuation in a saturation region (02 point of drawing 6 ) as (8) 
types showed, the base of a transistor 36 will also be joined by the electrical 
potential difference of [VBE] nonsat, and a transistor 36 is maintained at an ON 
state in a non-saturation region, without carrying out OFF actuation. On the other 
hand, since the base electrical potential difference of the output transistor 37 falls 



to Vsat when a transistor 35 turns on, even if the transistor 36 is carrying out ON 
actuation, the output transistor 37 becomes off and the load circuit connected to 
the output transistor 37 is opened. 

[0036] In the condition of this output OFF, although the current is flowing to all of 
resistance 32 and 33 since the input-side transistor 34 and transistors 35 and 36 
are turned on, the total consumed electric current of both resistance 32 and 33 
serves as about 2-/hFE extent as compared with the consumed electric current of 
the output circuit 1 of the conventional example, or an output circuit 2. That is, 
the resistance R6 of resistance 32 is that which is conventionally made to hFE 
extent as compared with a circuit (refer to (12) types), and the consumed electric 
current in resistance 32 serves as 1-/hFE extent. Moreover, if it estimates that 
the consumed electric current which flows to resistance 33 from the current IC 2 
which flows to a transistor 35 being smaller than the current IC 1 which flows to 
the input-side transistor 34 (referring to (10) types) is comparable as the 
consumed electric current which flows to resistance 32, the consumed electric 
current at the time of the output OFF by resistance 32 and 33 will serve as about 
2-/hFE extent of a circuit conventionally at most, and will turn into the about 1/50 
consumed electric current of a circuit hFE=100, then conventionally. 
[0037] (Comparison of the consumed electric current in the output circuit of this 
invention, and the conventional output circuit) The consumed electric current in a 
conventional output circuit 1 ( drawing 1 ) and a conventional output circuit 2 
( drawing 2 ) is compared with the consumed electric current of the output circuit 
31 of this invention. The value of a required current is set to lr=100mA in a load 
circuit, and it supposes that it is each amplification factor of each transistor 
hFE=100, and is referred to as reference potential Vs=5V. Moreover, suppose 
that it Is saturation voltage Vsat=0.1V of each transistor, and [VBE] sat=0.7V in a 
saturation state. First, the conventional output circuit 1 of drawing 1 is considered. 
In order to pass an lr=100mA current to the output transistor 17 at the time of ON, 
the base current of the output transistor 17 is IB=lr/hFE=100 / 100= 1 [mA]. 
It is needed. At this time, since it is 0.7V, in order to pass 1mA base current IB, 



resistance base electrical-potential-difference [VBE] sat of the output transistor 
17 R1=(Vs-[VBE] sat)/IB= (5-0.7)/ 1= 4.3 [koiims] 

It is needed. If tine input-side transistor 15 turns on at tliis time and it is turned off 
[ output ], since it becomes saturation voltage Vsat, the collector voltage of the 
input-side transistor 15 is the consumed electric current. IOFF=(Vs-Vsat)/R1= (5- 
0.1)/ 4.3= 1.14 [mA] 

It becomes. In order considering the conventional output circuit 2 of drawing 2 to 
pass 1mA base current to the output transistor 17 next, it is necessary to use the 
1mA constant current source 18. Therefore, the consumed electric current is also 
set to 1mA. Below, the output circuit 31 of this invention is considered. If (1 1) 
types are referred to in order to pass an lr=100mA current to the output transistor 
37 at the time of ON R7=(Vs-Vsat-[VBE] sat) hFE/lr =(5-0.1-0.7) xlOO / 100= 4.2 
[kohms] 

It becomes. If (12) types are referred to next R6=(Vs-2[VBE] sat) hFE2/lr =(5- 
2x0.7) X1002 / 100= 360 [kohms] 

It becomes. The consumed electric current 16 in resistance 32 between the base 
emitters of a transistor 36 if [ at the time of output OFF ] electrical-potential- 
difference [VBE] nonsat=0.7V 16= (Vs-Vsat-[VBE] nonsat) / R6 = (5-0.1-0.7) / 
360= 0.01 2 [mA] 

It becomes. Moreover, current IC1**I6 which flow to the output transistor 34, and 

current IC2**I7 which flow to a transistor 35 are, when IC2=(1/10) IC1, since the 

transistor 35 is saturated. I7=(1/10) 16=0.1x0.012=0.001 [mA] 

It becomes. Therefore, the consumed electric current as the whole is 

l6+l7=0.013[mA]. 

It becomes. Therefore, according to the output circuit 31 of this invention, it turns 
out that the consumed electric current becomes very small conventionally as 
compared with a circuit. 

[0038] Below, the switch working speed at the time of the output ON -> OFF in an 
output circuit 31 is considered. When the transistor 36 turns [ the input signal of 
an input terminal 38 ] on in the low, the transistor 36 is saturated and the carrier 



is accumulated in tine transistor 36 at the time of ON as well as the transistor 22 
of the conventional output circuit 3. However, if the input signal of an input 
terminal 38 switches to a high, since a transistor 35 will be saturated promptly, 
will be turned on and will lower the base electrical potential difference of the 
output transistor 37 to Vsat, the output transistor 37 is promptly switched off not 
related to whether the carrier is accumulated in the transistor 36. Therefore, as 
compared with the conventional output circuit 3 ( drawing 3 ), the switch rate at 
the time of output ON -> OFF can be made quick. 

[0039] Moreover, the switch working speed at the time of the output OFF -> ON 
in an output circuit 31 is explained, since the input-side transistor 15 is 
completely saturated with the conventional output circuit 3 ( drawing 3 ) and 
serves as ON in it at the time of output OFF - an input signal - yes - since - if it 
switches to a low, the input-side transistor 15 switches from a saturation state to 
OFF, and after that, a transistor 22 will be saturated in ON from OFF, and will be 
turned on. For this reason, by the time the input-side transistor 15 turns off from a 
saturation state, time amount will be taken, before a transistor 22 is further turned 
on for sequential operation of the input-side transistor 15 and a transistor 22, 
time amount will be taken, and the rate from which the output transistor 17 
switches to ON as a result becomes slow. On the other hand, in the output circuit 
31 by this invention, since the transistor 34 Is turned on by the non-saturation 
state at the time of output OFF, when the Input signal of an input terminal 38 
switches from a high to a low, the time amount from which the input-side 
transistor 34 switches off becomes short. Moreover, since, as for the transistor 
36, it is maintained at the ON state also at the time of the time of output ON, and 
output OFF, actuation from which it will switch to the actuation from which the 
input-side transistor 34 switches off off [ a transistor 35 ] from a saturation state if 
an input signal switches from a high to a low is performed by coincidence in 
parallel. Consequently, according to the output circuit 31 of this invention, the 
rate which switches to output OFF -> ON can also be conventionally shortened 
as compared with a circuit. 



[0040] Moreover, since transistors 34, 35, 36, and 37 use tine npn transistor 
altogetlier, it becomes a cause to use the pnp transistor lil<e tine conventional 
output circuit 4 ( drawing 4 ), it switches, and a rate does not become slow. 
[0041] (Application) While the output circuit of this invention outputs ON and an 
OFF signal from an output circuit, when a hysteresis must be imposed on the 
circuit of the preceding paragraph of an output circuit, moreover, it is suitable for 
using it in a situation as which a speed of response is required of an output circuit 
side by having to impose the hysteresis first rather than it outputs from an output 
circuit. 

[0042] Speaking concretely, being able to obtain a good result by using for the 
A/D-conversion circuit which carries out hysteresis actuation as shown in drawing 
7 . In the A/D-conversion circuit of drawing 7 , the analog input signal S1 is 
inputted into the non-inversed input terminal of a comparator 51, and reference 
voltage VO is given to the inversed input terminal from the reference voltage 
generating circuit 52. the size of the input signal SI from the output terminal of a 
comparator 51 , and reference voltage VO - responding ~ yes - (H) or a low -- 
the comparison signal S2 of (L) is outputted. The comparison output of a 
comparator 51 has returned to the reference voltage generating circuit 52 
through the hysteresis circuit 53 connected to the output terminal. Yes of the 
comparison signal S2 with which the reference voltage VO which carries out a 
deer and is outputted from the reference voltage generating circuit 52 is 
outputted by work of the hysteresis circuit 53 from a comparator 51 , according to 
a low, it changes to V0+ or VO- (VO+!=VO-), and a hysteresis is imposed on the 
output of a comparator 51 . Moreover, according to yes or the low of the 
comparison signal S2, as for the output circuit 54 connected to the output 
terminal of a comparator 51 , an output side switches to OFF or ON. 
[0043] It is necessary to make it in the case of such circuitry, the rate which 
appears as an output signal S3 ( drawing 8 (c)) of an output circuit 54 become 
late rather than the rate to which the comparison signal S2 ( drawing 8 (a)) 
outputted from the comparator 51 returns through the hysteresis circuit 53 and 



the reference voltage generating circuit 52, and reference voltage VO ( drawing 8 
(b)) is changed, as shown in drawing 8 . For this reason, although delay was 
given between the input side of an output circuit 54, and the output side, in the 
conventional output circuit 54, there was a problem that this time delay delta! 
became quite large, and the speed of response in which an input signal S1 
appears as an output signal S3 of an output circuit 54 became slow. On the other 
hand, when the delay in an output circuit 54 is lost, the direction is outputted from 
an output circuit 54 becomes quick rather than an output signal S2 returns, and 
there is un-arranging [ that desired circuit actuation is no longer obtained ]. 
[0044] On the other hand, if the semi-conductor output circuit 31 by this invention 
is used as this output circuit 54, since the speed of response at the time of ON 
and OFF can be made quick, it becomes possible by adjusting time delay delta! 
in an output circuit 44 to suitable time amount to shorten the time delay in an 
output circuit 44 as much as possible in the range later than a hysteresis side. In 
addition, in the time of OFF of an output circuit 44 (output transistor), time delay 
delta! which carried out in this way and was adjusted becomes later than the 
output circuit 1 of drawing 1 , and by the time of ON of an output circuit 44 
(output transistor), it is set up so that it may become quicker than the output 
circuit 1 of drawing 1 . 
[0045] 

[Effect of the Invention] According to this invention, as explained above, the 
problem that there is also no problem that the consumed electric current 
becomes large like the 1st conventional example or the 2nd conventional 
example at the time of output OFF, and ON of an output and the switch rate at 
the time of off switch actuation become slow like the 3rd conventional example or 
the 4th conventional example is also solved. !hat is, according to this invention, 
the switch rate of ON -> OFF actuation of an output transistor and OFF -> ON 
actuation is a high speed, and, moreover, the consumed electric current at the 
time of output OFF (power consumption) can offer the semi-conductor output 
circuit in a small bipolar mold integrated circuit. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the concrete representative circuit schematic showing the 1st 
conventional example of a semi-conductor output circuit. 
[Drawing 2] It is the concrete representative circuit schematic showing the 2nd 
conventional example of a semi-conductor output circuit. 
[Drawing 3] It is the concrete representative circuit schematic showing the 3rd 
conventional example of a semi-conductor output circuit. 
[Drawing 4] It is the concrete representative circuit schematic showing the 4th 
conventional example of a semi-conductor output circuit. 
[Drawing 5] It is the concrete representative circuit schematic showing the semi- 
conductor output circuit by one example of this invention. 
[Drawing 6] It is drawing for explaining actuation of a semi-conductor output 
circuit same as the above. 

[Drawing 7] It is drawing showing the application circuit of the semi-conductor 
output circuit by this invention. 

[Drawing 8] It is the explanatory view of the above-mentioned application circuit. 
[Description of Notations] 



32 1st Resistance 

33 2nd Resistance 

34 Input-Side Transistor (1st Transistor) 

35 2nd Transistor 

36 3rd Transistor 

37 Output Transistor 

38 Input Terminal 

39 Grand Line (Low Voltage Line) 

40 Datum Line (Higli Potential Line) 

41 Output Terminal 
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[Drawing 4] 




[Drawing 8] 
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f)^^yizti^. z(Dt^mi(Dhy>Px^ fimmti^ 
mx^>tT£r). m2(Dhyy'J7.^f)mio^mx^y 
tu^^oizmMu ^ncj;t)^3oh^>yxi$'fe 
i^m^^mx-tymizmzn^^y izm'^-r^ ^ tffl 
r^^o z.(Dt^iiitihy>i>:x^(D^-y.mmtm2 

■3T> ^tiVyyjT.^iz'k^mmmm-^tix^^^ 

[0 0 2 5] z.^x. mtihy>i^xi'CDt>m\zm 

mniz^n^nmt. ^irogtsc^n^*^ (xhFE 
n ^^<b(Dm^tm2(Dimizmn^mm (xhFi) 

hxm 1 (Z)fiffit«ign§«§S;5> &©fr#&/h$ < hX 
fe. m2 0fiiT[Ofil&/jN$<LTm2 0ffiK(I«tl^« 

20 ^Z'^■^wr£U'^)V<Dm^^^Mt^tfl^x^^. zolx. 
^i(r)mitLx^^\zmKm±^fi^<D^m^\ ^ 

a;^h7>vXiS'(7D:t7l^(imiOffiSi:^2(D 

n^-^<t^z.tti^x^^^. tt£.t)^. ^ 1 ©fg|/i©fii^ 
mifim\z!h-^<-ts.^, sfc. mis:r;^3©h9>i^ 

X^'^^^fiS^Dil^JlTffilfl-rSt, m2 0ffiJn:(C8Stl-5« 

m\m\(Dmi\zwa^nM^nh>h-^<u^. 
[0 0 2 6] *S!?gti<j:n«, mvyy'j:^^ 

(D<-7.\zm2(DYyyi^7.9^mmhX^^^(DX. m 

tityn\z\m2(nY'yyz?7.^^ty~^^^^t\zk 
':)X&,tiVyy=yy.^^'M'pmz-ty^-^^^tf)^x 
^, ^tiY'7yi^7.^(nty^tym^m^mM-^m< 
r^^tifix^^o rfsit)*,. m3(Dhyypy.^(D^ 
^^}7mmm^iz^-Dxmtihyyi^:ki^(Dty^ty 

40 iQQ2i\ -^^iz. ^ttVyy'J7.^(D^ym\zmi 
<DVyyy7.^ti^^ma^mxiry\.. %2>(DYyyy 
T.^-bmti'ty. :t7i^t^n^tifigfnm ^mm. 

M<fs.^hMz. mi©h^>i^X5'tl|20h^> 
>^XiS'©:t7llifP;5WLT|Bl^fc*fT$n§o 

fflAh^>i^X^£^^55Mc:t>$-&^;it*tT 
^, m;fjh7>>?Xi5'0:t7^:t>«JD^^a«fcii< 

5-<? [ 0 0 2 8 ] * fc, *^BjJ©i^«#:tfjAmin p n b 



-19 12 3 8 



[0 0 2 9] 

[0 0 3 0] mm ^(D^m^mtim^ Silt. 20 10 

OfiK3 2, 3 3 (^n^'nffiKfi*R6, R7tt- 

3 5, 3 6. 3 7 tt^^m^-^nxif^^o xijmhyy 

y^^ima (i''9>H«SVg) ®^^>H«3 9II 

^xtim hy>pxi> 3 4 03 v^^\zmm.-^nfzmi 

3 2tt, (S2p«fiVs) <Z)S2pi|S40H 

7>>^X5'3 4©^-x (x». A;biST3 8) \z^m m 

3 4(DnVi7^ti6in:3 2 i:®gi^;±CtgM^tlTVi 
Wh7>v;^^3 5, 3 6tt, h7>>?XiS'350 

D, h^>yx^5' 3 5(DX575'tti^^>FIS3 9fcS 

^3n> hy>'yx^3Q(Dnu^^\mm3 3\zmm 

$n;tffiK3 3 0ffiS«S2pi8S4 of^gi^^nTVi^o 
m:fjh7>v7.^3 7tt, '^-XSh7>v7;^3 5©* 

tfci:§J:5(w|gtf$nTVi§. A:'jflllh7>vXiS'3 4 

■ x^y^mm& V 

t:^j:?>j;5t^ff|-3nTVi§„ HHT, Vsat = [VcB]s 
atl3:h^>yx3'3 5©:t>I^OlS?n«ffi, [VBslnons 
atfS h7>vX^ 3 6 ©#IS?n®i^H*^j-S^-X • X 

Ici>Ic2 -(10) 41 

T$,2.o ^©«f«, A;^A^ BfCtt, 
>vXi?3 6©^-X • X5'yi?MCtt[VcE]nonsatO 
«JE;&Wr), hy>z^X^3 6\mi3:tym\Zh:i-y 

izfs.^^tr£<. ^miartymzmcn^o 
[0 0 3 3] mtitymmm ^mtimsnz 
h-^xu. Ai]m^3 siza-mm^xti-^n^t. 
Atsmhyyz^x^ 3 ARUhyy-JT.^ 3 5timiZ:t 

ylZfSif). gia3 2&aDTh^>>?X5'3 6 

izmmmmsi)mi^?>o ^kd^^^. vyyv7.^3% 

(D^-T. • X^yi'fi\ifi^^tiVyyV7.i' 3 7 (D^~ 51 



* 3 1^ 5^ t h ^ > >^X 3^ 3 6 ©X 5 -y ^ i: ©g^^ t a 

m-^n. x^y^r^ifyyms^izmm-in. 3^^? 

^ (^-:/>3^i^5') i£tii;fj«^4 Itigi^^tXTVi 
[0 0 3 1] ilUT, h7>yx5'3 5tt, A:*jai^3 

stA^'j^ti^.m^roA^, u-\z^Kity (mnom 

«) . -tycDT.^ y^ymmr^^oizmmnx 

1 V^So ^nC^^L, A^liiJh5>>?X3'3 4«, A*« 
T3 8tcA;'j$n§M#©A-f. n-m;D:t> 

?nM«) , ^y(Dmm^^^o\zWimnx^^^o s 

fe, hv>i^XiS'3 6«, XtS^l'3^\ZXfi-^tim 

XiryWi'^^t^^olzm.fc^nx^-^^o tli:^h5>vX 
iS'3 7[i, A:^«^3 StA^^J^n^ff^WA-f, 

:t> (tSfn^J^) ©X^ y5^>^^lftfp^£-r 
[0 0 3 2] mtyn(Dm^^mL<mm-r^t, 

) T©aDT*?)o BI6ti^-xmSlB*^'-^©ii^© 
31/^7^ •X='y3'^ttJEVcE-3^i7^«J^Ic©M 

^^^^-rfiiHTjfes. A;fjfijh5>i?x^3 4j^a:h^ 

yi?7.i'3 5 B, Vil*nfe^-xSA:^ai^3 8 ICgi^ 

■^nx\^>^0x^-xmmp^h<. LTcP-oxmQiz 

7S-r=t9?5;|sI-^-XSS (lB=const.) ©Vce-Ic 

mm±xmf^t?>o hyyyx^ssit. xtsM m 
fs^y) mzn-mamM mx\tQ2j^ x^ymw- 



^im x-tym^u 

CE =Vsat + [VBH]noLsat 

c=Ici -(9) 

X ■ 3:iy^m^^-7.mMti^^nxVyyy7.i'3& 

tmvyyi^ysd'3 7my\zis.^o ■^^\z. vyy 
i>x^3Qifi-ty\zfs.^t. miz 3^m^^xmvy 
y'y7.^3 7\z:k^fs.<-7.mMmi. mmi-Ai 
1 \zmm-snrcMMmmm]:x±^f3:MMm^mmir 

[0 0 3 4] z<Dmhyyp7.i^3Qum^mi^xty 
mi^hx^^^t-^^. ffiS[3 3 \zmnmm i ru, 

l7= (Vs-Vsat-[VBE]sat) /R 7 
ttS:^. ^^X. Vsat»h^>i^Xi5' 3 eotgfU* 

ffi, [Y,,:\s^mmfammx^ymf^Lx^^^tiitlhy 

y'yT.^ 3 7 ©^-X • X5 y^'mS.Xh^. 
^SC^K^S;^ci:«»i^SIrtU h^>>?Xi5' 3 7 ©ii 

ifs^shpE t-rntf, m^^h^^i^x^'s 7©^-x« 

? S^lBtLTtt, I ^/hFE£^±©S»^*ti^:^g^:;^;s© 



(6) 
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T, ffiK3 3i:LTK> l7> (Ir/hpE) ^K> 

{ (Vs-Vsat-[VBE]sat) 

:^3'3 6:^/^'til:fj h^^i^X^ 3 7 I b ^git 

>^Xi5'36Rt;m:bh7>>?7.iS'37 mmmm^tn * 

{ (Vs-2[VBi]sat) hPE 

X^'S 6S:y;ffi;^h^>i?X5'3 7 0ia?n|fjft:B#©^- 

it^t^t. gji3 2(©ttR6tt, ffiffi3 3©fflR74' 
0 1 Oti!*©ffl;^|iI8S 1 OSK 1 2 OffiR 1 tJtKLT 

r^hpEfg (^aj^tfhpE = l 0 0) ®fi&;HV^^;^tJ!>^*T 

[0 0 3 5] (mtitymmm ^r^ xtm^f-s s 

7>yXi5'3 4«(9)^T^bfci5iC#ISlP«it (0 
6®Q1;S) Tt>ilf^L> h7>vXi$'3 5«(8)^ 

^OT, h^>i7X3'3 6©^-Xtfe[VBE]nonsat0 

'{^■r^^tfi.<. nm%imn!tymm\zmcn^. - 

>yx^ 3 7co^-X«ffi:i5Wsat*T?T/O^§0T, h 

Z7\ttytfs.r). &itsY'yyi^7.^3 7\zmm-^nx 

[0 0 3 6] :i©m*:t7omBc*3^>T«, x-nmv . 

^>VXJ7 3 4S:i;h5'>vXi5'3 5, 3 6)5t:t>lc;^ 

oTv^^soT. 2ms3 3(D\,^tn\z'hnmm 

nTV>§5&t, WgK3 2, 3 3 ©j^?g»«gg«ti!*««|(D 

m*0ss 1 ^iiii]M^2(Dmwn.mzmLrm2/h^ 

Rl= (Vs-[VBE]sat) / 

Xiiitltyizfs.^t. XtsMhyy-yT.^ 1 5(0:nUi; 

IoFP= (Vs-Vsat) /Rl= (5-0. 1) /4. 
3=1.14 [mA] 



hpE/Ir}>R7 -(11) 

*hh?i'c$>^fr^t, w.^3 2\zmn^nmiiti^. 

I6> (Ir/hPE^) 

I6= { (Vs-2[VBE]sat) /R6} >lT/hri' 
Vlr}>R6 -(12) 

ii) SSi-ttfefLThPBeSCT^§ ((12)i^#!i) (DX\ S 
K3 2tC*5lt^?f|«Sgitttl/hpp@^i:;^cJ^o Sfc, 

h ^ > ^ 3 5 tj)Sn5«ii^ I c 2 \txtim h y y-JT. 

iS'3 4tcSgn§«»IIci ((10)^#l) 

ffigt3 3 c8itnsM«^sffiK3 2 t^nstgft 

«?i,hHS«Ta5?.tMa^)5t, fiK3 2, 3 3 tj; 

PEgSt^O, hFB = l 0 0tt-n«!i£*[iIiJ&©l/5 

[0 0 3 7] (*S§H^©m*@SStt¥*©tti*@?St45 
^ fj-?>tfl»S»it©Jtfei) l¥*©m^@S§l (01) ^tt{* 
0^2 (0 2) (C43lj-^?g»«gffii. *^H^CDm;(30g& 

3\mm.m.h^mct^. mm%xm:fsm.(D 

fit£Ir=l 0 OmAtb, # h ^>>'7.;S'©Jii|i*^ 
V^-rn^)hFc = l 0 OTa&?.i:L> SipSI4Vs=5V 

ffiVsat=0.1V, [VBE]sat=0. 7 VTa&?.t-r§. 

s-f, Hi©t^*om:^jiii8Si'£#^-5o :r>i^om* 

VyyV7s9\ 7HIr=l 0 0mAO«?ilSJ^-r&J6 

tctt. m:^h7>v7.^'i 7(Z)^-xms^«, 

30 lD=Ir/hpE = l 0 0/1 0 0=1 [mA] 

ffi[VBB]sat«0. 7VrafeS:i!)ie., lmAO^-XS« 

iB&ffi-rfc*t«, fiKfi;^!^ 

Ib= (5-0. 7) /1=4. 3 [kQ] 

^rrniVyy'jT.^ 1 7icimA(Z)^-x«^&^-r;t® 

[Itt, lmAOS«iil!gl 8<&ffiVi5ieJS*tab5o 
i?§3 1&#^§o -ty^o^mtiVyy'JT.^ 3 7 \Zlr 

40 =1 0 0mA(DS?)^ES^S-rfcJ6fctt, (ll)iC4#Rg-r5 



R7= (Vs-Vsat-[VBB]sat) hps/Ir 

= (5-0.1-0.7) X 1 0 0/1 0 0 = 4.2 [kQ] 

t^S. (i2)icmii-r«t, 

R6= (Vs-2[VEE]sat) hrtVlr 

= (5-2X0.7) X100V1 0 0 = 3 6 0 [kQ] 

tfs.^. ^i2irymz\-t. h^^vX^S'S ecD'^-x • 3 2 tistt^tg*^^ 1 6 

X5>>^'FBl«i±[VEE]nonsat=0. IVtt^t. gia 

1 6= (Vs-Vsat- [VBE]nonsat) /R6 

= (5-0. 1-0. 7) /'3 60 = 0. 012 [mA] 



(7) 
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I7=(l/10) 16 = 0.1X0.012 = 0.001 [mA] 



tym\zm^wf)mmf^mm^^x^. xti^T3 w mm\\z]t^^mmmi^^n^^tismi'vm'r^(D 

m'^\z\t. v'7y^J7.^3Qn.miLxm. t^*om [0042] ^^m\z\^ot. ia7n^-r<fc5:^txx 

XiS'3 6tH=^^'J7/5«$nTV^5„ L;5^L, A;^ :i t75^T^§o H 7 (DA/DSm®S§t*3 

mi-3^(DX-f2mmflM\zmm^zt. h^>vx i^tj^, 3>;^P'-^$'5 i0#M^A*)S^c7^n^ 

^3 7(Z)^-X«ffiSVsat*TTtf§K)l?, h7>>? i[iI?S5 2y5ie,i¥«ffiVo*t-%-^5nTVi§, 3>/'? 

X^'S 6fc=^^Ur*t^«$nTV^5;?i^§/5>tM«:^ l^-^'S lom*S^35^S«A;^jM^S 1 t»¥«ffiV 

<. m'Pti^\z&^tsVyy'J7.^3 7ti^^y\zmr>mx^ oOA/Mc^SCTA^ (h) x«n- (l) (D]mm 
n§o tJ£oT> «cD{fi;^iPis§3 (H3) t\mLx. 20 S2i)^^ti^n^. nynv~^bi(D^mmt. Hi 

&ii2iry^^ynmmmm^m<^^^ti)ix^ ;ba^tcSi^$nfctxf-u->x0gS5 ss^txaip 

[0 0 3 9] Sfc, m;^liI?S3 lC:fett5W;b:t7^:t JE^4[iIS& 5 2 iO^ S ffl;b3n§S¥«ffiVo «, bXr 

>l^i3*3lt§«JDmA«il^3i)S*l5aej-r^o l¥*om:^ U'>X|ifS&5 3(Di!i${3j;tp, 3>;-?V-^'5 l;5^?>tli 

0!f&3 mz) \&ti:^yn\z^^^xxm\Yyy ^fj^nsjtig^ffi^s n-tjscTVo.x^v 

i^T.i' 1 h\t%^\zmaLxtytfi.':>x\-^^(DX. X o- (Vo+=j'=Vo-) (c^^bb, nynv-^^KD^fsiz 

t>mifiMfi^^u-\zmx>mi^t. xtsmvyyj txx'j>'X/&wt&n5, sfc, n^/i^-^sio 

x^ 1 5*tia?(i«si;5iS:t7t^oi^t)D, ^©^nh mtim=f\zmm.-^ntz.mmm4u. m.ms2<D 

yy-^7s9 2 2if^t'7i)^^i^y\zm^hx^y\zfs.^. )\Ax\txi-\zi^s\^xmi'm^t'7X\tty\zmr)m^ 
-z<Dfz.^. x-nmvyy=J7.^\^ifmA^mij^^-^y 30 

t^^xizmmtim^^n. ^'bizxtimhyy-jx^i [0043] ^0^^fs.m^m^(Di§^. ssc^-ri 

5thyy'JX3'2 2(Dmmii^<Drctb\zhyyi^7.3f ayAV~^5 1i!)^ibiiiti-^ntcit^MnS2 

2 2i)tty\zf3:^^xmmm^m. i^mizmnh ms (a) ) ii^hT.y^u'yT.m^smmmmB^ 

yyi^T.^ 1 7fiityizm^mh^mmf}m<f£^o ^ annisss 2 sa^T»ji$n**si±v 0 (as 

nizML, *^0i5tj;5m^@ss3 iT«. ffi:fj:t7B# (b) ) ^mt^i^mm^iQ mA@ifS54©m* 

t*3ViTh^>>^Xi$'3 4tt#|^fn4^MT:t>(;::^j:oT ff^S 3 (08 (c) ) tVxm^n^mm<Dmvm'M 

\^^(Dx. A*«i^3 8©A*mww/0^sn-n«j <:^5j;5c-r5i£js*«*5c ^(Dtc^. mumA 

D^fcofctt, A*tlh7>i^X^S'3 4*t:t7C-K(5 ©A;^JiIt{fi:(jfl!lt®MtiIM5^fc:-a:TVi:2))&t, 

mt)mmtim<fs.^. sfc h^>>^x^5'3 e^m:^ (DtH:;j[iFsg5 4Ttt, z<Dmmwi^TtitMs.v)±^< 
iry^h^tsirynhiry^m\zmznx^^^(Dx. X 4o fs.y). xtsm^sit^^tiM^^ A(D^timns3th 

ts'sm^j^^ ti''^u~\zm^wo^h. xtimvyy'j xm:>nhj^'^ms.tim<u^t^^oTmti^h^tz. - 

7.^ 3 Ai}^^y\zmr^m^m^t. Yyyi?7.^3s is.mM^^A\zm^mm^fs.<-tt.mi2mns 

tmm^mfi^^^y\zmmim^tifimTLxnn 2timm:t^i:K)hmf5M^^ An^mii-^n^i^-ffim 

izmn^n^o *^Hj®ffi:(jia?§3 1 t=tti <fs.y). mm(Dm^mmm^nu<u^ii\^'D^u^ 

mtity^^y\zmKiWki^^m&^WkMmzmi t^h^^ 

LTS<T^§= [0 0 4 4] Z.n\znL. ^©t[l*0SS 5 4 i; LT*fl 

[0 0 4 0] Sfc, h^>vX3'3 4, 3 5. 3 6, 3 HjilCct2.¥#^fflAllIS§3 1 SfflVmtt, :tX :t7lt 

7tt^Tnpn h^>>?Xi5'£fflViTl'i§©-e, t«£*CD (D^^^m&^M<t^Z.t1flX^^(DX. ai*0?S4 4 

m;^iiiiJ&4 (H4) oj;5tcpnp h^^j^x^'&fflvi \zm^mmf^^T^m^immzmm-^r.t.\zi^ 
x\.^^^t.mM}ii3,-}xmr)mAMmi)m<u^z.}i so ffi;fj[Hi?&4 4t*5itsaMii#rBi^txxu>'Xfiijj; 



I6 + I7-O. 0 1 3 [mA] 



[0 0 4 1] mmm) ifmm&itiMmt. mK\m 
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SS4 4 wtihyyi^T.^) (Dtymr\mi<omt}M 

SSI J;Dfcg<;^0, mtim^4 4 mtihyyi^Ts 
[0 0 4 5] 

©fie*^j^ii4ofie*M©<fe5fcm;'](7):r>> ^t-^^D 

^^^iiST. Lfj^htiii::tymzmmmmm (mmm 
ti) t^-ymmmm\zm^mmti 



ms] :^mm-mmm\z^^^mi^iiitiM^^^'r 
[06] m±<D^mmtiM^mmmm-r^rcid<D 
[07] ^mmiz^^^mi^tiitim^(DmMm^^mr 

[08] ±l2)Sfl3lHj|iS®iffiHJHTa&§o 

3 2 (mio)fiin: 

3 3 (m 2(D) mi 

3 4 A;bMh5>vX^ (^l©h^>i^X^) 

3 5 (^2®) h^>vX^ 

3 6 (^3©) h7>>?X37 

3 7 mvyyVT.^ 

3 8 A*«T 

3 9 i^7>m (fimw 

4 0 K ifi« 

4 1 mm- 



31] 



[02] 
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